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KABOOM! Bolts
: of lightning
strike the city of
Chonggqging, China.

HOW CLOUD-TO-GROUND
LIGHTNING FORMS

Positive

charges form
at the top of a
cloud. Negative
charges form at
the bottom.

small rocket sits on a
launch pad, ready for
liftoff. Dark clouds
gather overhead. The

ominous weather

conditions would force other
programs to call off the launch,
but for this mission, a thunder-

storm is perfect weather.

The countdown begins: “Five
four, three, two, one, fire!” The
rocket shoots into the air with
a thin wire trailing behind it.
Lightning strikes and a booming
explosion shakes the ground.
The researchers cheer. Mission
accomplished!

Every year in the U.S,,
lightning kills dozens of people,
injures hundreds more, and
causes billions of dollars in
damage. Scientists still don’t
understand exactly how lightning
starts, how it travels long
distances, or what determines
where it will strike. So while most
people want to avoid lightning,
researchers at the University of
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Florida use rockets to trigger it.
They hope that by doing so, they
can unlock lightning’s mysteries.

OPPOSITES ATTRACT

Lightning seems like a
deceptively simple concept. “It’s
basically a giant spark,” says
Don MacGorman, a physicist
at the National Oceanic and
Atmospheric Administration’s
National Severe Storms
Laboratory in Oklahoma.

Before this spark can form,
electrical charges have to build
up in a thunderstorm cloud.
Something similar happens when
you rub your feet on a carpet:
your body picks up electrons,
or negatively charged particles.
Opposite charges attract, so
when you reach for a metal
doorknob—which has a positive
charge—the charges jump across
the gap to meet in a spark, and
you feel a jolt of static elec-
tricity. “[Lightning] is the same
basic process, on a much more
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energetic scale,” says MacGorman.
Although scientists understand
the basics of lightning, they don't
know exactly how thunderstorms
become electrified. One hypothesis
is that the process occurs in a region
of the cloud where falling wet hail
| collides with rising ice particles and
becomes charged. The positively-
charged ice rises higher, while the
negatively-charged hail remains
lower in the cloud.
Most lightning occurs within the
i clouds themselves, but attraction
i also builds between the lower cloud
! region and the ground. As a negative
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charge reaches
downward
from the cloud, positively-charged
particles reach upward from the
ground, often traveling through a tall
tree or building (see How Cloud-to-
Ground Lightning Forms, p. 15).
The two meet in a stroke of lightning
that can heat the surrounding air to

30,000°C (54,000°F). That's about five

times hotter than the sun’s surface.

STUDYING LIGHTNING
Researchers have learned a lot

about lightning from tools such as

balloons that lift instruments into
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thunderstorms and light-mapping
arrays—a series of stations that
pick up lightning’s electromagnetic
signals in the form of radio waves

to map the time and location of
flashes. But, says Martin Uman, an
electrical engineer at the University
of Florida, “Lightning is difficult to
study because you never know when
or where it's going to happen.”

Most strategies involve waiting for

lightning and hoping that the instru-
ments are in the right place when it
strikes. Instead, Uman and his team

Number of times each
year lightning strikes the
Empire State Building.
The building is designed
to serve as a lightning
rod for the nearby area.

COURTESY OF DR, DOMART (LEFT); COURTESY OF ICLRT, UNIVERSITY OF

FLORIDA (RIGHT)

NASA (TOP); ISTOCKPHOTO.COM (BOTTOM)
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use rockets carrying copper wire to
trigger lightning where they want it.

SHOCKING STRATEGY _
Hot, humid Florida is the perfect
place for Uman’s experiments. Moist
air flows from the Atlantic Ocean
and the Gulf of Mexico over land,

- where it warms and rises to form

thunderstorms. “Florida is sort of a
natural cauldron for making thun-
derstorms,” says Uman. It has more
than double the number of lightning
deaths of any other state in the U.S.

When a storm starts to brew,
team members go to their stations
inside a building designed to protect
them from lightning. Otherwise, the
experiment could prove deadly.

As attraction builds between the
cloud and the ground, instruments
measure the growing electrical
field. This electrical field is spread
over a large area, but if it becomes
concentrated in one spot—such as
when the ground’s rising positive
charge meets the cloud’s descending
negative charge at the tip of a tall
building—lightning will strike. In
Uman’s experiment, the tip of the
copper wire carried up by the rocket
will act like the tip of a tall building.

“You have to get the wire up to
about the height of the Empire State
building in a couple of seconds
for this to work properly,” says
Uman. “The cloud has to think that
suddenly you've stuck the Empire
State building underneath it.”

I

16

MILLION

Number of lightning storms
in the world each year.

When the electrical field is strong
enough, the team launches the
rocket. Lightning strikes the wire,
immediately disintegrating it. Several
return strokes flash back and forth
between the cloud and the ground
so quickly that the lightning appears
to flicker. Instruments measure such
things as the lightning's current—its
flow of electric charge.

Because lightning often strikes
buildings and power lines, the team
sometimes rigs the rocket to an
experimental house or electrical
cable. After lightning strikes the
copper wire that trails the rocket,
another wire carries the current to

the building or power line. Their
goal is to help experts design safer
structures or prevent power outages.

But scientists study lightning
for personal reasons too. “The
tremendous forces involved, and
just the beauty of the phenomena,
are awe-inspiring for me,” says
MacGorman. “It's better than Fourth
of July fireworks.” <%

—dJacqueline Adams

CORE QUESTION

Explain how Martin Uman
experiments with lightning.

LIGHTMENG $TREKES

This map shows the average yearly number of lightning strikes per
square kilometer from 1995 to 2002. Places with fewer than one flash
on average are grey or purple, and those with the most strikes are red.
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explosion shakes the ground.
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They hope that by doing so, they
can unlock lightning’s mysteries.
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Lightning seems like a
deceptively simple concept. “It's
basically a giant spark,” says
Don MacGorman, a physicist
at the National Oceanic and
Atmospheric Administration’s
National Severe Storms
Laboratory in Oklahoma.

Before this spark can form,
electrical charges have to build
up in a thunderstorm cloud.
Something similar happens when
you rub your feet on a carpet:
your body picks up electrons,
or negatively charged particles.
Opposite charges attract, so
when you reach for a metal
doorknob—which has a positive
charge—the charges jump across
the gap to meet in a spark, and
you feel a jolt of static elec-
tricity. “[Lightning] is the same
basic process, on a much more
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energetic scale,” says MacGorman.

Although scientists understand
the basics of lightning, they don’t
know exactly how thunderstorms
become electrified. One hypothesis
is that the process occurs in a region
of the cloud where falling wet hail
collides with rising ice particles and
becomes charged. The positively-
charged ice rises higher, while the
negatively-charged hail remains
lower in the cloud.

Most lightning occurs within the
clouds themselves, but attraction
also builds between the lower cloud
region and the ground. As a negative
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charge reaches
downward
from the cloud, positively-charged
particles reach upward from the
ground, often traveling through a tall
tree or building (see How Cloud-to-
Ground Lightning Forms, p. 15).
The two meet in a stroke of lightning
that can heat the surrounding air to
30,000°C (54,000°F). That’s about five
times hotter than the sun’s surface.

STUDYING LIGHTNING
Researchers have learned a lot

about lightning from tools such as

balloons that lift instruments into
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thunderstorms and light-mapping
arrays—a series of stations that
pick up lightning's electromagnetic
signals in the form of radio waves

to map the time and location of
flashes. But, says Martin Uman, an
electrical engineer at the University
of Florida, “Lightning is difficult to
study because you never know when
or where it's going to happen.”

Most strategies involve waiting for
lightning and hoping that the instru-
ments are in the right place when it
strikes. Instead, Uman and his team
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use rockets carrying copper wire to
trigger lightning where they want it.

SHOCKING STRATEGY

Hot, humid Florida is the perfect
place for Uman’s experiments. Moist
air flows from the Atlantic Ocean
and the Gulf of Mexico over land,

" where it warms and rises to form

thunderstorms. “Florida is sort of a
natural cauldron for making thun-
derstorms,” says Uman. It has more
than double the number of lightning
deaths of any other state in the U.S.

When a storm starts to brew,
team members go to their stations
inside a building designed to protect
them from lightning. Otherwise, the
experiment could prove deadly.

As attraction builds between the
cloud and the ground, instruments
measure the growing electrical
field. This electrical field is spread
over a large area, but if it becomes
concentrated in one spot—such as
when the ground’s rising positive
charge meets the cloud’s descending
negative charge at the tip of a tall
building—lightning will strike. In
Uman'’s experiment, the tip of the
copper wire carried up by the rocket
will act like the tip of a tall building.

“You have to get the wire up to
about the height of the Empire State
building in a couple of seconds
for this to work properly,” says
Uman. “The cloud has to think that
suddenly you've stuck the Empire
State building underneath it.”
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When the electrical field is strong
enough, the team launches the
rocket. Lightning strikes the wire,
immediately disintegrating it. Several
return strokes flash back and forth
between the cloud and the ground
so quickly that the lightning appears
to flicker. Instruments measure such
things as the lightning's current—its
flow of electric charge.

Because lightning often strikes
buildings and power lines, the team
sometimes rigs the rocket to an
experimental house or electrical
cable. After lightning strikes the
copper wire that trails the rocket,
another wire carries the current to

the building or power line. Their
goal is to help experts design safer
structures or prevent power outages.

But scientists study lightning
for personal reasons too. “The
tremendous forces involved, and
just the beauty of the phenomena,
are awe-inspiring for me,” says
MacGorman. “It’s better than Fourth
of July fireworks.” &

—Jacqueline Adams

CORE QUESTION

Explain how Martin Uman
experiments with lightning.
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This map shows the average yearly number of lightning strikes per
square kilometer from 1995 to 2002. Places with fewer than one flash
on average are grey or purple, and those with the most strikes are red.
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